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OXIDE SUPERCONDUCTOR TfflCK FDLM AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OP THE INVENTION 

5 

1. FIELD OF THE INVENTION 

The present invention relates to an oxide superconductor thick film 
containing Bi, Pb, Siy Ca and Cu having a high critical current density and a 
high adhesiveness to an oxide substrate or an oxide base, and a method for 
10 manufacturing the same. 

2, DESCRIPTION OF THE RELATED ART 

An oxide substrate or an oxide base such as MgO, alumina or YSZ, or 
a metal substrate or a metal base such as Ag, Au, Pt or Ni is formed with an 

15 oxide superconductor in thick film form to function^ so as to devise a variety 
of applied products. 

As a method of forming this oxide superconductor into film form, a 
technique is tried in which an oxide superconductor powder, to which an 
appropriate organic binder is added, is made into paste form, thereafter 

20 applied to the substrate or the base using the screen printing method, the 
doctor blade method, the spray method, or the like, and burned to thereby 
form a polycrystalline oxide superconductor thick film. 

This technique of forming the oxide superconductor thick film using 
an oxide superconductor paste has a quite low manufacturing cost, that is, an 

25 advantage because of no need for an expensive single crystal substrate and a 
large-scale and expensive apparatus requiring a high vacuum system 
represented by PVD, CVD or the like, and thus it is considered as the 
technique closest to practical use. 

When an ^plication of this oxide superconductor thick film to a 

30 practical product is considered, an adoption of a thick film containing (Bi, 
Pb)2+aSr2Ca2Cu30^ (generally, 0 < a < 0.5) (hereinafter, described as Bi2223 
based thick film) as an oxide superconductor thick film material is 
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prospective from two perspectives of required superconducting 
characteristics and manufacturing costs including raw materials and 
manufacturing processes. 

A method of forming the Bi2223 based thick film is explained below. 
5 First, a Bi based superconductive paste is applied to an oxide base 

such as MgO, alumina, or YSZ using the screen printing method, the doctor 
blade method, the spray method, or the like. At this stage, an oxide 
superconductor powder in the Bi based superconductive paste applied to the 
base has a (Bi, Pb)2Sr2Ca,Cu20, phase (hereinafter, described as Bi2212 

10 phase) whose oitical temperature is between Tc and approximately 80 K as a 
main phase, and not the (Bi, Pb)2^,Sr2Ca2Cu30, phase (hereinafter, described 
as Bi2223 phase) whose critical temperature is between Tc and 
approximately 110 K. This oxide superconductor powder is a multi-phase 
which also includes an intermediately generated phase such as CajPbO^, 

15 CaCuOj, or CuO. 

TTien the Bi based superconductive paste is heat treated, so that a 
reaction occurs between the (Bi, Pb)2Sr2CaiCu20, and the intermediately 
generated phase to make the (Bi, Pb)2^Sr2Ca2Cu30„ and thus the Bi2223 
phase is generated from the Bi2212 phase and the intermediately generated 

20 phase. As a result, an oxide superconductor thick film containing the 
Bi2223 phase having a high critical ten^erature is formed on the oxide base. 

Although it is important to have a high critical temperature when the 
oxide superconductor thick film is applied to a practical product, it is also 
required to have a high critical current density (hereinafter, described as Jc). 

25 Further, when the oxide superconductor thick film is applied to a practical 
product, a Jc of more than 5,000 A/cm^ is required. 

Generally, to attain a Jc of more than 5,000 A/cm^ using a thick film 
containing the above-mentioned Bi2223 phase (hereinafter, described as 
Bi2223 thick film), plate crystals having large ab faces and short c axes, 

30 which are peculiar to the Bi based oxide superconductor, are qipropriately 
oriented so as to align their ab faces, on which a superconducting current 
easily flows, in the conducting direction. Consequently, a compressing 
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Operation using a CIP (Cold Isostadcal Press), or an HIP (Hot Isostatical 
Press) is adopted for aligning the plate crystals in the conducting direction. 

However, even with the high Jc attained by using such compressing 
operation, when a substantial cross-sectional area of ttie thick film on which 
5 the superconducting current flows was small, an adequate net value of the 
superconducting cunent caimot be attained, and thus it is not suitable for 
practical use. Therefore, it is necessary to design a Bi2223 thick film in a 
way that the aoss-sectional area for an adequate critical current value (Ic) is 
assured. 

10 Accordingly, following processes are normally taken in order to form 

an oxide superconductor thick fUm having a high Jc and a high critical 
current value on a base. 

The patent document 1 is refened as an example* 

1. A Bi based oxide superconductor paste is applied to an 
15 appropriately selected oxide base to have more thickness than a 

predetermined film thickness. 

2. A first burning is conducted to the oxide base having the Bi based 
oxide superconductor paste applied thereon. 

3. After the first burning, the oxide base is placed in a CIP and 
20 compressed therein. 

4. The buming of the process 2 and the compressing of the process 3 
are repeated for an appropriate number of times. After the last buming is 
completed, the oxide base having the Bi2223 thick film applied thereon is 
obtained. 

25 Patent document 1: Japanese Patent Application Laid-open No. 2001- 

358298 

In the above-described method of forming a Bi2223 thick film related 
to the prior art, a peeling of a thick film from an oxide base occurs firequently 
in the middle of a film-forming process, which lowers an yield of a process 
30 and thus decreases productivity. This peeling phenomenon commonly 
occurs during a buming or after a CIP, especially during a first buming or 
after a first CIR The present inventors conducted a study on this peeling 
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phenomenon of the thick film from the oxide base, and then found following 
factors. 

First, the peeling during a burning attributes to: 

1. a difference in a coefficient of thermal expansion (linear expansion) 
S between an oxide base and a siqierconductor, 

2. a cubical volume change due to an expansion of a whole thick film 
that occurs concurrently with a transformation of a crystal structure to 
generate a high Tc phase from a low Tc phase and an intermediately 
generated phase* 

10 In particular, an effect of the factor 2 is dominant during a first 

burning, and thus it is considered to be a main cause for the frequent 
occurrence of peeling during a buming. 

Next, the peeling after a CIP attributes to: 

3. a phenomenon of force in such a direction as to peel a thick film 
15 from an oxide base. This force is generated as a residual stress inside the 

thick film when the thick film and the oxide base having the thick film 
formed thereon are compressed with a predetermined isostatic pressure (0«S 
to 3.0 ton/cm^), and thereafter, the residual stress is released to take the above 
effect when the thick film and the oxide base are decompressed. In addition, 
20 this phenomenon of force prominently affects an oxide base in cylindrical 
shape. 

The present inventors conducted an analysis of the Bi2223 thick film 
formed on a base related to the prior art. The results of this analysis are 
explained below with reference to FIG. 7* FIG. 7 is an optical 

25 miaophotography of a cross section of the Bi2223 thick film formed on an 
MgO base related to the prior art. 

In FIG. 7, a reference numeral 51 designates a cross section of the 
MgO base, a reference numeral 59 designates the cross section of the Bi2223 
thick film related to the prior art, and a reference numeral 53 designates an 

30 interface between the MgO base 51 and the Bi2223 thick film 59. In a 
detailed observation of FIG. 7, it is found that a fracture surface 58 is 
generated in an area of approximately 2 |im to 10 (xm from the interface 53 in 
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the Bi2223 thick film 59. The present inventors ftirth r conducted similar 
analysis to a large number of Bi2223 thick films related to the prior art, and 
recognized that a fracture surface exists in an oxide superconductor thick film 
not only in a case that an oxide superconductor thick film peels off from an 
oxide base in the middle of a manufacturing process, but also in a case that 
the thick film does not peel off from the oxide base. 

When a fracture surface is relatively large, an oxide superconductor 
thick film peels off from an oxide base during a burning or a CEP 
compression in the middle of a manufacturing process. When the firacture 
surface is small, the oxide superconductor thick film does not peel off from 
the oxide base in the middle of a manufacturing process. However, the 
fracture surface develops every time a thermal or a mechanical shock is 
applied to the oxide superconductor thick film, which finally leads to the 
peeling of the oxide superconductor thick film. 

SUMMARY OF THE INVENTION 

From the above described results of the study, a problem that the 
present invention solves is to provide a Bi2223 thick film that does not peel 
off when a thermal or a mechanical shock is applied to a base or an oxide 
superconductor thick film in the middle of a manufacturing process and a 
method of manufacturing the same. 

A first means for solving the above problem is an oxide 
superconductor thick film containing Bi, Pb, St, Ca, and Cu and substantially 
havmg a composition of (Bi. Pb)2+.Sr2Ca2Cu30^ (Note: 0 < a < 0,5) to be 
formed on a surface of a substrate or a base, wherein 

no fracmre surface exists in the vicinity of an interface between the 
substrate or the base and the oxide superconductor thick film in the oxide 
superconductor thick film. 

The existence of the fracture surface can be confirmed, for example, 
by cutting several random locations of a base having an oxide superconductor 
thick film formed thereon using a diamond cutter or the like in such a manner 
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that cross sections of the base and the thick film are exposed, and then 
observing these cross sections using an optical microscope. Generally, if no 
fracture surface is confirmed in these cross sections, it can be inferred that no 
fracture surface exists over the whole oxide superconductor thick film. In a 

5 Bi2223 thidc film having the above*mentioned composition, no fracture 
surface exists over the whole thick film, so that a peeling of the thick film 
from the substrate or the base can be prevented when a heating, a cooling, a 
compressing, or a mechanical shock is applied to the substrate, the base or 
the oxide superconductor thick film in the middle of a manufacturing process 

10 or after the manufacturing process. 

A second means is a method for manufacturing an oxide 
superconductor thick film in such a manner that an oxide superconductor 
thick film containing Bi, Pb, Sr, Ca and Cu is formed on a surface of a 
substrate or a base, comprising, 

15 forming a first thick film substantially having a composition of 

Bi2Sr2Ca^Cu20, on the surface of the substrate or the base, and thereafter, 
forming an oxide superconductor thick film substantially having a 
composition of (Bi, Pb)j^Sr2Ca2Cu30, (Note: 0 < a < 0.5) on the first thick 
film. 

20 According to the method for manufacturing the Bi2223 thick film 

having the composition described above, the Bi2223 thick film in which no 
fracture surface exists can be easily formed* 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIO. 1 IS a flow process chart showing steps of forming an oxide 
superconductor thick film according to the present invention; 

FIG. 2 is a flow process chart showing examples of manufacturing 
steps of an oxide superconductor paste according to the present invention; 
30 FIG. 3 is an optical microphotography of a cross section of an oxide 

superconductor thick film according to the present invention; 

FIO. 4 is an optical microphotography of a different cross section of 
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the oxide superconductor thick film according to the present invention; 

FIG. 5A to FIG. 5F are views showing results of analysis using an 
EPMA of the oxide superconductor thick film according to the present 
invention; 

5 FIG. 6A to FIG. 6D are views showing results of analysis using an 

XRD of the oxide superconductor thick film according to the present 
invention; and 

FIG, 7 is an optical microphotography of a cross section of an oxide 
superconductor thick film related to the prior art. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereinafter, an embodiment of the present invention is explained in 
detail with reference to the drawings* 

15 FIG. 1 is a flow chart showing steps of forming an oxide 

superconductor thick film related to the present invention on a substrate or a 
base, in which an MgO cylindrical base is used as the base for example. 
First, manufacturing steps of the oxide superconductor thick film related to 
the embodiment of the present invention is explained with reference to FIG. 

20 1- 

For example, a substrate or a base (hereinafter, described as base) 3 
formed with ceramics, etc., is prepared. An oxide superconductor paste 
having a mixing ratio of the Bi2212 composition (hereinafter, described as 
Bi2212 paste) 1 is applied to the base 3 and dried. (A preferred 

25 manufacturing method of such Bi2212 paste 1 will be described later.) 
After completion of the drying, the base 3 having the Bi2212 paste 1 applied 
thereon is heated in the atmosphere at 8S0X^ to 885*0 for 10 to 30 min., and 
the Bi2212 paste 1 is bimied at a temperature approximate to its melting 
point. The Bi2212 paste 1 buraed at a temperature approximate to its 

30 melting point becomes partially molten state. As a result, the base 3 is in a 
state on which a Bi2212 partially molten layer 4 substantially having the 
composition of BijSrjCajCuPj, as a first thick film is formed. 
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Then, an oxide superconductor paste having a mixing ratio of the 
Bi2223 composition (hereinafter, described as Bi2223 paste) 2 is applied to 
this base 3» on which the Bi2212 partially molten layer 4 is formed, and dried. 
(A preferred manufacturing method of such Bi2223 paste 2 is described 
5 later.) After completion of the drying, the base 3 having the Bi2223 paste 2 
applied thereon is heated in the atmosphere at 830*C to 860^0 for 50 to 100 
hrs., and the Bi2223 paste 2 is burned. The base 3 having the Bi2223 paste 
2 burned thereon is compressed at a pressure of 2 ton/cm^ to 3 ton/cm^ using 
a CIP (Cold Isostattc Press), and thereafter, the burning and the compressing 
10 are repeated for a predetermined number of times. After the last burning, 
the oxide base 3 having a Bi2223 thick film 5 formed thereon is obtained. 

Next, the above-mentioned steps to obtain the base 3 having the 
desired oxide superconductor thick film 5 formed thereon is explained in 
detail below. 

15 First, a cylindrical base or a plate-shaped substrate formed with a 

ceramic material such as MgO, alumina, or YSZ, or a metal material such as 
Ag, Au, Ft, or Ni can be used as the base 3, so that a material with 
appropriate quality, shape, and size may be selected according to a final 
piupose of manufacture. However, from perspectives of low reactivity and 

20 high adhesiveness (high bonding strength), the MgO is a preferable material 
for the base 3. 

For applying the Bi2212 paste 1 to the base 3, a technique such as 
brushing, dipping, or spraying can be used. However, the spraying is a 
preferred technique for applying efficiently to a large area, 

25 When applying the Bi22l2 paste 1 to the base 3, a preferable film 

thickness is 10 to 100 \m\. The film thickness more than 10 ^un is 
preferable because a partial unevenness can be prevented, so that an after- 
mentioned even bonding strength can be attained. On the other hand, the 
film thickness less than 100 \xm is preferable because a Bi2212 film reacts 

30 adequately with the Bi2223 paste in an after-mentioned post-process. 

After the Bi2212 paste 1 is applied to the base 3 and adequately dried, 
it is heated in the atmosphere at SSO'C to 885*0, burned for 10 to 30 min., 
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and returned to a room temperature* Since the temperature is approximate 
to a melting point of the Bi2212 in the atmosphere, the applied Bi2212 
becomes partially molten, so that the base 3 is in a state that a Bi2212 
partially molten layer 4 exists thereon. A film thickness of the Bi2212 
5 partially molten layer 4 is approximately 40 [un. 

Next, the Bi2223 paste 2 is further applied above the Bi2212 partially 
molten layer 4 formed on the base 3. An application technique may be the 
same as the ^plication technique for the above-mentioned Bi2212 paste 1. 
At this time, the film thickness is preferred to be thicker the better^ preferably 

10 more than 200 ^m. 

After the Bi2223 paste 2 is applied above the Bi2212 partially molten 
layer 4 and adequately dried, it is heated in the atmosphere at SSCC to 
860*0, more preferably 835*C to 850*C, burned for 50 to 100 hrs., and 
returned to the room temperature. Then, the whole base is placed in the CIP 

15 and compressed at a pressure of 2 ton/cm^ to 3 ton/cm^. By this 
compression, a density of the plate crystals of the (Bi, Pb)2+,Sr^Ca2Cu302 
generated by the burning, is increased from less than 3 to more than 4. The 
Jc is also increased from approximately 100 A/cm^ to approximately 5000 
A/cm^ because the plate crystals are appropriately oriented so as to align their 

20 ab faces in the conducting direction, in which a superconducting current 
easily flows. 

After completion of the compressing, the whole base is removed from 
the CIP, heated again in the atmosphere at 830*C to 860*C, more preferably 
835*C to 850*C, burned for 50 to 100 Hrs„ and returned to the room 
25 temperatm^e. As a result, a sintered film 5 of the Bi2223 formed on the base 
3 was obtained. Furthermore, the sintered film of Bi2223 obtained by the 
above-mentioned steps did not peel from the base 3. 

Here, stmcture observations are made for the sintered film of the 
Bi2223, etc., which does not peel from the base 3, and observation results are 
30 explained with reference to the drawings. 

FIG. 3 is an optical microphotography of a cross-sectional structure of 
a Bi2212 partially molten layer 54, which is shown by the reference numeral 
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4 in FIG. 1, foimed on an MgO base 51 through an interface 55. 

FIG. 4 is an optical microphotogn4>hy of a aoss-sectional structure of 
a Bi2223 sintered film 52, which is shown by the reference numeral 5 in FIG. 
1, formed on the base 51 through the interface 55 and the Bi2212 partially 
5 molten layer 54. 

FIG. 5A to HG. 5F are results of line-analysis of each constituting 
element in a direction of film thidmess using an EPMA conducted on the 
Bi2223 sintered film shown in FIG. 4 from a surface to the base. 

FIG. 6A to FIG. 6D are charts showing results of X-ray difEraction 
10 measurement conducted on the Bi2223 sintered film shown in FIG. 4 from 
the surface to the base. 

In an observation of the Bi2212 partially molten layer 54 in FIG. 3, it 
is observed that crystal grains are partially melted and filled in pores between 
the crystal grains because the burning temperature is approximate to the 
IS melting point of the Bi2212 in the atmosphere, thereby strengthening a 
bonding between the crystal grains to form a dense film. Further, at the 
interface 55 between the Bi2212 partially molten layer 54 and the MgO base 
51, it is observed that the Bi2212 partially molten layer 54 is rigidly engaged 
into imperceptible gaps and irregularities on a surface of the MgO base 51. 
20 Furthermore, at the interface between the Bi2212 partially molten 

layer 54 and the MgO base 51, it is conceivable that an interactive element 
diffusion occuned between a molten liquid phase and the MgO base 51 when 
the Bi2212 layer partially melted. As a result, it can be inferred that the 
Bi2212 partially molten layer 54 and the MgO base 51 are bonded strongly in 
25 both structural and chemical states. (A part above the Bi2212 partially 
molten layer 54 where a reference numeral 60 designates is an epoxy resin 
for obtaining this optical microscope sample.) 

In an observation of FIG. 4, the Bi2212 partially molten layer 
explained in FIG. 3 is not clearly observed, just as if the Bi2223 sintered film 
30 52 is formed through the MgO base 51 and the interface 55. 

Accordingly, structures of the layer and the film in this part are further 
analyzed in detail. 
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A result of analysis of Mg shown in FIG. 5A, the interface exists at 
approximately ISO |jjn from a reference point (a point where the horizontal 
axis is zero), and here Mg decreases rapidly with an inclination. This 
exhibits a phenomenon of element diffusion of Mg which constitutes the 
5 base. 

From results of analysis of elements Sr, Pb, Bi, Cu, and Ca shown in 
FIGS. SB to SF, a film thickness of the fibn shown by reference numeral 52 
in FIG. 4 measures 350 {im. It proves that the film thickness uicluding the 
Bi2212 partially molten layer, which is 640 |jun when the Bi2223 film is 
10 applied and dried, decreases to approximately 350 \im after the burning and 
compressing. 

Next, the results of analysis of the elements Sr, Pb, Bi, Cu, and Ca 
shown in FIG. SB to FIG. 5F are studied. 

It proves that the elements Sr, Bi, Cu, and Ca exist in approximately 
15 even concentration in the film, except Pb. Normally, in the Bi2212 and the 
Bi2223, Ca and Cu have difierent composition ratios, and thus the 
corresponding line-analysis should exhibit commensurate changes in their 
strengths hi the vicinity of the interface between the Bi2212 partially molten 
layer and the Bi2223 film. However, there are substantially no changes 
20 observed in the strengths of Ca and Cu, and their concentrations are 
substantially even over the whole thick film. 

FIG, 5C shows that a Pb concentration m the thick film gradually 
decreases from the interface with the base toward the surface of the film. 
The decrease in the Pb concentration can be inferred from that evaporation of 
25 Pb occurs during the sintering of Bi2223 in such a way that the closer it is to 
the surface of the film, the more Pb evaporates to the atmosphere. 

On the other hand, FIG. SC also shows that the Pb concentration in 
the thick film scarcely decreased until the interface with the base. 
Considering the fact that the Bi2212 partially molten layer did not contain Pb 
30 when it is formed into a film, it can be inferred that diffusion of Pb occurred 
into the original Bi2212 partially molten layer. 

Next, in results of analysis in FIG. 6A to FIG. 6D, no peak for Bi2212 
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is confinned from an XRD of the thick fflm in a position at 20 ^In from the 
base which was the Bi2212 partially molten layer before the burning, as weU 
as in positions between 20 to 200 |jun, and it proves that all the peaks exhibit 
dif&action peaks for Bi2223. 

5 All the above results indicates that diffusion of the elements Pb, Ca» 

and Cu occurred from the Bi2223 film, which is fonned on the 312212 
partially molten layer, into the Bi2212 partially molten layer by the burning, 
so that the composition of the whole film is uniformized, and thus the most 
part of the Bi2212 partially molten layer including a crystal structure is 

10 transformed intt> 6i2223. 

Here, meanings in the transformation of the most part of the Bi2212 
partially molten layer into 612223 are considered. 

First, as described above, the Bi2212 partially molten layer was 
strongly bonded to the base through the interfece with the base. The 

15 bonding state will be preserved when the most part of the Bi2212 partially 
molten layer is transformed into Bi2223, and thus the strong bonding state 
will be maintained. 

Second, it is evident that a cubical expansion of 812223, which occurs 
when the Bi2223 paste is burned to generate Bi2223, causes an expansion of 

20 the whole thick film that prevents the peeling of the thick film from the base. 
In other words, in a case that the Bi2223 paste is directly applied to a base 
such as MgO, and then a cubical expansion occurred to this Bi2223 paste, the 
generated Bi2223 peels off from the base. However, when the Bi2212 
partially molten layer exists between the Bi2223 paste and the base, this 

25 Bi2212 partially molten layer maintains the strong bonding state with the 
base, absorbs Pb, Ca, and Cu provided by a paste layer of the Bi2223 
composition in which crystals are being generated, and gradually transforms 
itself to the Bi2223. As a result, the transformation of the crystal structure 
in the film is given continuity just like a gradient material, which alleviates 

30 the expansion like a cushion at the interface with the base to restrain the 
peeling thereof. 

Hereinafrer, a preferred manufacturing method for both the Bi2212 
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paste 1 and tbe Bi2223 paste 2 used in the present embodiment is eiEplalncd 
with reference to FIG. 2, which is a flow diart showing examples of preferred 
manufacturing steps of an oxide superconductor paste. 

In FIG. 2, powders 11 of Bi A» SrCOj, CaCOj and CuO are weighed 
5 to have a mole ratio of Bi2212 and mixed together to obtain a mixed powder 

12. In this case, CaCOj may be replaced with CaO or Ca(OH)j. Instead of 
the above-mentioned mixed powder, the mixed powder 12 may be obtamed 
by preparing elements of Bi, Sr, Ca, and Cu to have the desired mole ratio by 
a wet copredpitation method or the like. 

Then, the mixed powder 12 is caldned to prepare a calcined powder 

13. The calcining conditions are between 600*0 and 1000*0, more 
preferably ISO'C and 850^1^ in the atnK)sphere for 3 hours to 50 hours. 
The obtained calcined powder 13 is put into a ceramic pot together with Zr 
balls and an organic solvent such as toluene or the like, placed on a rotating 

IS platform, and ball>miUed. The purpose of this operation is to finely mill the 
calcined powder 13 to improve its uniformity, so as to increase its thermal 
reaction in the following burning step. The calcined powder 13 in slurry 
form to which the ball milling has been completed is dried in a dryer. Then 
this calcined powder 13 is caldned again on the same calcining condition, 

20 After this calcination, the caldned powder 13 is ball-milled again and burned 
to obtain a mixed powder 14 having a B12212 composition. This mixed 
powder 14 is divided into two equal portions. 

One portion of the divided mixed powder 14 having the Bi2212 
composition is mixed with an appropriate organic binder and organic vehicle 

2s 15 and kneaded using a triple roller or the like to obtain the superconductive 
paste 1 having a mixing ratio of the Bi2212 composition. 

Powders 16 of Blfiy PbO, SrCO^ CaCOj and CuO are added to 
another portion of the divided mixed powder 14 having the Bi2212 
composition, weighed to have a mole ratio of Bi2223 and mixed together to 

30 obtain a mixed powder 17. In this case, CaCOj may be replaced with CaO 
or Ca(OH)2. Instead of the above-mentioned mixed powder, the mixed 
powder 17 may be obtained by preparing elements of Bi, Sr, Ca, and Cu to 



Received at: 3:54AM, 7/31/2003 

'03-07-31 16:43 YlWfiCPATENT FIRM) 



0335562017 



T-590 P. 18 



14 

have the desired mole ratio by the wet cx)precipitation method or the like, or 
another material may also be used in whidi elements of Bi, Pb, 5r, Ca, and 
Cu were prepared to have the desired mole ratio by the wet copredpitation 
method or the like. 

5 Tlien, the mixed powder 17 is calcined to obtain a calcined powder 18 

having a mixing ratio of the Bi2223 composition. The calcining conditions 
are between 600^0 and 1000"C, more preferably 750X: and 850t: in the 
atmosphere for 3 hours to 50 hours. The obtained calcined powder 18 
having the mixing ratio of the Bi2223 composition as a whole contains a 

10 Bi2212 phase and an intermediately generated phase such as Ca2Pb04, 
CaCuOj, CuO, or the like. 

The calcined powder 18 having the mixing ratio of the Bi2223 
composition is put into a ceramic pot together with Zr balls and an organic 
solvent such as toluene or the like, placed on a rotating platform, and ball- 

15 milled. The purpose of this operation is to finely mill the calcined powder 
13 to improve its uniformity, so as to increase its thermal reaction in the 
following burning step. Tlie calcined powder 18 in slurry form having the 
mixing ratio of the 612223 composition to whidi the ball milling has been 
completed is dried in a dryer and calcined again. After this calcination, the 

20 calcined powder 18 is ball-milled again and burned to obtain a mixed powder 
19 having the mixing ratio of the Bi2223 composition. 

The obtained mixed powder 19 having the Bi2223 composition is 
mixed with an appropriate organic binder and organic vehicle 20 and kneaded 
using a triple roller or the like to obtain the superconductive paste 2 having 

25 the mixing ratio of Bi2223 composition. 
(Practical Example) 

As a base to which a superconductor thick film will be applied, an 
MgO polycrystal in a cylindrical shape having an external diameter of 50 
O mm, an internal diameter of 40 O mm, and a length of 100 mm was 
30 prepared. A superconductor paste having a mixing ratio of a Bi2212 
composition was applied to the MgO base using a spray method and dried, 
and thereafter burned in the atmosphere at a burning temperature of 880^0 to 
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SSS'C for 30 min. This temperature is approximate to a melting point of 
Bi2212 in the atmosphere, so that a Bi2212 partially molten layer in a 
partially molten state was obtained. A thickness of the Bi2212 partially 
molten layer was 40 {xm. 

Next, a superconductor paste having a mixing ratio of a Bi2223 
composition was applied to the 612212 partially molten layer formed on the 
MgO base using the spray method and dried. A film thickness of the 
superconductor paste having the ndxing ratio of the Bi2223 composition was 
600 (un. Then the superconductor paste was burned in the atmosphere at a 
burning temperature of 850^^ for SO hrs. 

The MgO base having an oxide superconductor thick film formed 
thereon was placed in a QP (Cold Isostatic Press) and compressed at a 
pressure of 2 ton/cm^ to 3 ton/cm^. Thereafter, the base was burned, 
compressed in QP, and burned again on the same condition to thereby obtain 
a thick film sample. 

Hie above steps were performed for ten MgO bases on the same 
condition. However, none of these samples had any peeling of the thick 
film recognized thereon. 

(Comparative Example) 

An MgO base identical to the one used in the practical example was 
prepared. An oxide superconductor paste having a mixing ratio of Bi2223 
composition, identical to the one used in the practical example, was applied 
to the MgO base and dried. A film thickness of the superconductor paste 
having the mixing ratio of the Bi2223 composition was 600 i»m. Then, the 
superconductor paste was burned in the atmosphere at a burning temperature 
ofSSOt: forSOhrs. 

At this time, ten MgO bases were prepared, and then the application 
and the burning were performed to them on the same condition. Five bases 
had peelings of the thick films occurred thereon. Subsequently, the other 
five MgO bases having the superconductor thick films formed thereon were 
compressed in the CIP, and then four of them had peelings occurred thereon. 
As a result, there was only one sample to which the steps of the CIP 
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compression, the burning, the CIP compression and the last burning were 
completed, similarly to the samples in the practical example. 

As described in detail above, the present invention provides an oxide 
superconductor thick containing Bi, Pb, Sr, Ca, and Cu and substantially 

5 having a composition of (Bi, Pb)2+aSr2Ca2Cu30, (Note: 0 < a < 05) to be 
formed on a surface of a substrate or a base, wherein no fracture surface 
exists in the vicinity of an interface between the substrate or the base and the 
oxide superconductor thick fUm in the oxide superconductor thick film. In 
the Bi2223 thick film having the above composition, a peeling of the thick 

10 film from the substrate or the base can be prevented when a heating, a 
cooling, a compressing, or a mechanical shock is applied to the substrate, the 
base, or the oxide superconductor thick film in the middle of a manufacturing 
process or after the manufacturing process. 



